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I. General
All reagents were purchased from commercial sources and used without treatment, unless otherwise indicated. The products were purified by column chromatography over silica gel.
1 H NMR and 13 C NMR spectra were recorded at 25ºC on a Varian 500 MHz and 125 MHz or a Bruker 100 MHz, respectively, and using TMS as internal standard. IR spectra (KBr) were recorded on a Magna-560
FTIR spectrophotometer in the range of 400~4000 cm -1 . High-resolution mass spectra (HRMS)
were obtained using a Bruker microTOF II focus spectrometer (ESI). Melting points were uncorrected. The substrates, 1a−i, 1a 1j and 1k, 1b were prepared according to the procedures in our previously reported papers.
II. Preparation of ketene dithioacetals 1a−k
General procedure for the synthesis of ketene dithioacetals 1a−i (taking 1a as example): To a well-stirred suspension of diethyl malonate (15.2 mL, 100 mmol), K 2 CO 3 (30.4 g, 220 mmol) and DMF (40 mL) at room temperature was added CS 2 (6.6 mL, 110 mmol) at 0 °C. After the reaction mixture was stirred at 0 °C for 0.5 h, PhCH 2 Br (26.2 mL, 220 mmol) was added dropwise within 15 min. The mixture was allowed to warm to room temperature and stirred for 8.0 h, and then poured into ice-water (200 mL) under stirring and neutralized with dilute HCl. The resulting mixture was extracted with CH 2 Cl 2 (3 × 80 mL). The combined organic phase was washed with water (5 × 80 mL), dried over anhydrous MgSO 4 , filtered and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, petroleum ether/diethyl ether 20/1, V/V) to give diethyl 2-(bis(benzylthio)methylene)malonate 1a (38.9 g, 93%) as a yellow crystal.
General procedure for the synthesis of ketene dithioacetals 1j and 1k (taking 1j as an example):
To a solution of 3-(bis(methylthio)methylene)pentane-2,4-dione (1.02 g, 5.0 mmol) in 50 mL of CH 2 Cl 2 was added concentrated H 2 SO 4 (1.1 mL, 20 mmol) at 0 o C. The mixture was allowed to warm to room temperature and stirred for 10 h, and then poured onto saturated NaCl ice-water (50 mL) under stirring. The mixture was neutralized with aqueous Na 2 CO 3 , and extracted with CH 2 Cl 2 (3 × 20 mL). The combined organic phase was washed with water (3 × 15 mL), dried over MgSO 4
and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, petroleum ether/diethyl ether 30/1, V/V) to give 4,4-bis(methylthio)but-3-en-2-one 1j (770 mg, 95%) as a white solid.
III. Synthesis and analytical data of 3a-o
General Procedure for the reaction of ketene dithioacetals 1a−e and boronic acids 2 leading to 3a−l (taking the reaction of 1a and 2a as an example): To a solution of 1a (208 mg, 0.5 mmol) and 4-chlorophenylboronic acid 2a (234 mg, 1.5 mmol) in DMF (4.0 mL) was added Cu(OAc) 2 (27 mg, 0.15 mmol). The reaction mixture was allowed to stir at 130°C for 60 h and monitored by TLC.
Then the mixture was cooled to room temperature and poured into the saturated aqueous NaCl solution (50 mL). The resulting mixture was extracted with dichloromethane (3 × 20 mL). The combined organic phase was dried over anhydrous MgSO4, filtered, and concentrated in vacuo.
Purification was carried out by flash silica gel chromatography using petroleum ether/diethyl ether (100:1, V/V) as eluent to give diethyl 2-(benzylthio(4-chlorophenyl)methylene)malonate 3a (142 mg, 70%), benzyl(4-chlorophenyl)sulfane (83 mg, 71%) and 4,4'-dichlorobiphenyl (42 mg). and PhB(OH) 2 2b (183 mg, 1.5 mmol) in DMF (4.0 mL) was added Cu(OAc) 2 (27 mg, 0.15mmol).
General
The reaction mixture was allowed to stir at 110°C for 50 h and monitored by TLC. Then the mixture was cooled to room temperature and poured into the saturated aqueous NaCl solutions (50 mL). The resulting mixture was extracted with dichloromethane (3 × 20 mL). The combined organic phase was dried over anhydrous MgSO 4 , filtered, and concentrated in vacuo. Purification was carried out by flash silica gel chromatography using petroleum ether/diethyl ether (50:1, V/V) as eluent to give 3m as a mixture of two isomers (79 mg, 60% yield, The molar ratio of two isomers were 3.5 to 1 based on 1 H NMR). 8, 14.3, 37.6, 61.4, 61.5, 122.7, 127.6, 128.6 (2C) 7, 14.1, 37.3, 61.3, 61.6, 123.5, 123.6, 123.8, 127.6, 128.5 (2C), 128.6 (2C), 129.2, 134.2, 135.4, 136.9, 147.7, 156.9, 163.7, 163.8 2C), 129.4, 130.2, 133.1, 133.3, 135.1, 136.1, 137.8, 194.5, 196.5; 
Diethyl 2-(benzylthio(4-chlorophenyl)methylene)malonate (3a)
O
Diethyl 2-(benzylthio(3-nitrophenyl)methylene)malonate (3c)
IV. Synthesis and analytical data of 4a−e
General Procedure for the synthesis of Compound 4a−e (taking 4a as an example): To a solution of 3b (185 mg, 0.5 mmol) and PhB(OH) 2 (183 mg, 1.5 mmol) in DMF (4.0 mL) was added Cu(OAc) 2 (27 mg, 0.15mmol). The reaction mixture was allowed to stir at 130°C for 30 h and monitored by TLC. Then, the reaction mixture was cooled to room temperature and poured into saturated NaCl solution (50 mL). The resulting mixture was extracted with dichloromethane (3 × 20 mL). The combined organic phase was dried over anhydrous MgSO 4 , filtered, and concentrated in vacuo. Purification was carried out by flash silica gel chromatography using petroleum ether/diethyl ether (50:1, V/V) as eluent to give diethyl 2-(diphenylmethylene)malonate 4a (76 mg, 47%), benzyl(phenyl)sulfane(45 mg, 45%) and biphenyl (62 mg). 
Diethyl 2-(diphenylmethylene)malonate (4a)

